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RESEARCH  ON  UTILIZATION  OF  SUGAR  BEETS  -  1949-1960 


Research  on  sugar  beets  in  the  Western  Utilization  Research  and 
Development  Division  was  begun  in  July,  1948.  The  studies  were  stimu- 
lated by  processors'  needs  for  fundamental  information  on  which  to  base 
development  of  new  and  improved  processing  methods,  needs  for  meth- 
ods to  predict  processing  characteristics  of  various  types  of  beets,  and 
their  desire  to  increase  efficiency  and  lower  the  costs  of  beet  sugar 
manufacture.    This  type  of  information  still  is  urgently  needed  for  the 
improvement  of  a  manufacturing  operation  that  has  undergone  few  basic 
changes  during  the  past  50  years  (27). 

Early  researches,  published  in  1953  and  1954,  demonstrated  that 
the  presence  of  lactic  acid  in  diffusion  juices  was  due  to  bacterial  fer- 
mentation of  sugar  occurring  mainly  in  the  diffusion  batteries  (41,  42). 
This  finding  focused  attention  on  the  need  for  critical  investigation  of 
all  the  operating  variables  in  each  unit  process.  The  sugar  beet  indus- 
try was  favorably  impressed  with  the  results  of  this  type  of  work  and 
in  1954,  under  the  terms  of  a  Cooperative  Agreement,  the  Beet  Sugar 
Development  Foundation  made  available  $45,  000  for  use  in  equipping  a 
sugar  beet  processing  laboratory  located  in  the  Western  Utilization  Re- 
search and  Development  Division. 

Sugar  Beet  Processing  Laboratory 

Prior,  to  installation  of  the  beet  sugar  processing  laboratory,  aboii 
a  year  and  a  half  was  spent  on  engineering  studies.  It  was  necessary  to 
design  the  pieces  of  processing  equipment  and  in  most  cases  to  have 
them  custom  built  (19). 

The  continuous  steps  (diffusion,   carbonation,  and  evaporation) 
were  matched  for  size  and  integrated  so  that  retention  times  were  suit- 
able at  the  chosen  processing  rate.    The  remaining  steps  (washing, 
slicing,  mixing,  filtration,   second  carbonation,  and  crystallization) 
were  designed  for  batch  operation. 

The  sugar  beet  processing  laboratory  is  now  equipped  to  the  point 
where  all  operations  from  the  cutting  of  beets  to  crystallization  of  sugar 
from  thick  juice  can  be  performed  (Pig.  ■  1).    The  equipment  includes  a 
cosette  cutter,  a  sample  mixer,  Roberts  diffusion  battery,  a  Bruniche- 
Olsen  continuous  counter- current  diffuser,  a  continuous  liming  and  car- 
bonation unit  for  diffusion  juice  purification  patterned  after  one  designed 
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by  R.  A.  McGinnis,  a  vacuum  evaporator,  and  instrumentation  required 
for  control  and  analysis  of  factory  operation.    Besides  these  basic  units 
there  is  auxiliary  equipment  such  as  an  ion  exchange  water  conditioner, 
heat  exchangers,   continuous  feeder  for  the  diffuser,    juice  cooling  unit, 
steam- jacketed  kettles  for  second  carbonation,    and  filtration  equipment. 

Processing  Studies 

Research  under  a  Research  and  Marketing  Act  contract,  conducted 
by  Utah  State  University  and  Agricultural  Experiment  Station,  sought 
information  on  the  number  and  size  of  beet  samples  required  for  experi- 
ments dealing  with  processing.    Concentrations  of  constituents  of  sugar 
beets  vary  with  genetic  makeup,  soil,  climate,  and  other  influences.  The 
manner  and  spread  of  expected  variation  in  commonly  used  commercial 
varieties  were  not  previously  known.    Before  adequate  sampling  proce- 
dures could  be  devised  for  processing,  beet  storage,    and  other  re  - 
searches,  the  amount  and  nature  of  this  variability  had  to  be  established. 

Two  important  commercial  varieties- -Stewart's  variety  53104- 0 
and  U.S.   22  Improved- -grown  under  high  and  low  levels  of  nitrogen  fer- 
tilization in  four  different  geographic  locations  constituted  the  material 
analyzed.    Fifty  beets  were  analyzed  in  duplicate  for  12  characters 
which  included  weight,  girth,  total  nitrogen,  amino  nitrogen,  total  glu- 
tamate,  total  anionic  constituents  (total  acid),  oxalic  acid,  malic  acid, 
marc,  galactinol,  raffinose,   and  sucrose.    The  data  were  analyzed  for 
variance,  variance  components,   coefficients  of  variation,  and  simple 
correlations  between  constituents  (17). 

A  chart  was  prepared  which  serves  as  a  guide  to  the  number  of 
beets  required  for  a  chosen  level  of  precision  in  analyses  for  chemi- 
cal constituents  of  the  presently  used  commercial  varieties  that  were 
studied  (Fig.  2).    The  proper  number  of  beets  can  be  read  directlyfrom 
the  chart.    To  obtain  a  coefficient  of  variation  of  1  percent  in  analysis 
for  sucrose,  about  50  beets  are  required,  while  sampling  for  gultamate 
with  the  same  accuracy  requires  about  6,  000  beets. 

Staff  chemists  have  determined  the  distribution  of  sugar  through- 
out sugar  beet  roots,  methods  of  obtaining  reliable  samples  for  sugar 
analyses,  and  other  sampling  procedures  for  use  in  the  processing  lab- 
oratory (47).    It  was  found  that  beets  sliced  into  cossettes  and  then 
mixed  thoroughly  provided  adequate  samples  for  sugar  analyses.  Both 
preheating  of  cossettes  to  inactivate  enzymes  prior  to  extraction  (22) 
and  neutralization  of  battery  supply  water  (35)  were  promising  improve- 
ments in  beet  processing  technology. 
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In  conjunction  with  processing  studies,  two  contracts  were  negotia- 
ted with  the  University  of  Michigan.    One  contract  involved  the  use  of 
steam  to  disrupt  the  cells  of  beet  tissue,   but  the  process  presents  some 
inherent  difficulties,   such  as  sugar  removal  from  the  disintegrated  tis- 
sue, that  may  preclude  commercial  use  (3-7).    A  second  contract  involved 
the  construction  and  testing  of  a  laboratory- s cale  continuous  counter- 
current  diffuse r  for  studying  the  variables  of  extracting  sugar  from  beet 
tissue.    The  findings  of  these  researches  were  of  sufficient  merit  to  jus- 
tify further  studies. 

Studies  of  the  amount  of  lime,   carbonation  temperature,  retention 
time  in  the  carbonator,  and  alkalinity  of  the  first  carbonation  juice  re- 
vealed that  alkalinity  is  the  most  important  variable  in  first  carbonation. 
Effects  of  changing  retention  time  and  temperature  of  the  juice  in  these 
experiments  were  not  significant  (20). 

Processing  experiments  on  sugar  beets  infected  with  virus  yellows 
and  those  without  the  disease  showed  that  the  filtration  and  sedimenta- 
tion rates  of  infected  beets  were  poorer,  and  that  the  disease  tends  to 
produce  changes,  all  toward  lower  quality  juices  (10). 

Soil  nitrogen  fertilization  increases  the  concentration  of  sugar  beet 
nitrogen.    The  effects  of  sugar  beet  nitrogen  on  processing  were  studied 
with  samples  of  beets  from  widely  spaced  sugar-to-total-nitrogen  ratios. 
The  high-nitrogen  beets  produced  juice  of  lower  color,  increased  lime 
salts,  increased  glutamate  content,  and  increased  soluble  nitrogen  levels. 
All  of  these  criteria  except  color  are  considered  deleterious  to  process- 
ing.   Except  for  the  value  of  glutamate  as  a  byproduct,  these  soluble  im- 
purities would  carry  more  sugar  into  molasses  than  is  usually  the  case 
(9,  21). 

Post-Harve6t  Sucrose  Losses 

A  problem  closely  related  to,  and  essentially  a  part  of,  processing 
is  post-harvest  losses  of  sugar  from  beets.    In  many  areas  of  the  United 
States  an  accepted  and  necessary  practice  is  to  harvest  the  beets  an  ap- 
preciable time  prior  to  processing.    The  beets  are  then  stored  in  large 
piles  at  the  factory  or  at  countryside,   centralized  dumps.    Beets  may  re- 
main in  the  piles  for  as  long  as  three  months. 

Sugar  is  lost  during  any  storage  period.  Losses  are  due  to  metabol- 
ic processes  in  the  beet  tissues  and  through  the  action  of  invasive  micro- 
organisms. Unavoidable  sugar  losses  are  due  to  respiration  of  harvested 
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sugar  beets  wherein  sucrose  is  utilized  to  provide  the  energy  for  their 
living  functions.    Under  ideal  conditions  less  than  0.1  pound  and  under 
unfavorable  conditions  more  than  1.  0  pound  of  sucrose  is  lost  per  ton 
of  beets  per  day.    If  unobjectionable  chemicals  could  be  used  to  slow 
down  one  or  more  of  these  reactions  without  harming  the  beets,  it  would 
be  possible  to  save  a  large  part  of  the  sugar  presently  lost  in  beet  stor- 
age piles. 

In  order  to  devise  means  of  decreasing  sugar  losses  due  to  respi- 
ration of  beets  in  storage  piles,  it  is  first  necessary  to  understand  the 
enzymatic  mechanisms  and  pathways  whereby  sucrose  is  synthesized 
and  metabolized.  Studies  have  been  initiated  whereby  such  information 
will  be  obtained. 

Micro  amounts  of  sucrose  and  sucrose-phosphate  have  now  success- 
fully been  synthesized  by  means  of  sugar  beet  enzyme  preparations .  These 
synthetic  processes  were  found  to  be  similar  to  those  in  wheat  germ  and 
peas  and  probably  other  higher  plants.      Both  sucrose  and  sucrose -phosphate 
are  synthesized  by  use  of  the  sugar  beet  enzymes  through  a  nucleotide  sug- 
ar complex  called  uridine  diphosphoglucose  (31). 

A  contract  for  investigating  the  pathways  of  sucrose  metabolism 
in  stored  beet  roots  was  negotiated  with  Oregon  State  College.    In  this 
work  radioactive  tracer  techniques  were  used  as  a  research  tool  and 
time- course  experiments  were  conducted  to  follow  the  fate  of  individual 
carbon  atoms  or  radioactive  compounds  as  they  are  metabolized  by  the 
roots. 

It  was  shown  that  the  pathways  of  respiration  in  sugar  beet  roots 
(75  percent  by  the  Embden-Meyerhof  and  25  percent  by  the  direct  oxi- 
dative scheme)  are  similar  to  those  in  tomatoes  and  other  plants  previous- 
ly studied.    Sugar  beets  are  therefore  not  unique  in  their  carbohydrate 
metabolism,  and  findings  from  researches  on  most  higher  plants  can  be 
confidently  applied  to  sugar  beets. 

Carbon  atoms  of  radioactive  sucrose  injected  into  roots  are  incor- 
porated into  various  soluble  and  insoluble  constituents.    Similar  results 
were  found  with  injected  radioactive  carbon  dioxide  and  radioactive  glu- 
cose.   These  findings  point  to  possible  measures  for  controlling  or  retard- 
ing natural  beet  root  respiration  and  thus  to  saving  substantial  amounts 
of  sucrose. 

By  use  of  a  combination  of  low  temperature  and  a  fungicide,   it  was 
possible  to  keep  beets  for  long  periods  without  spoilage.  Thus  it  appears 
that  sugar  losses  in  stored  beets  can  now  be  evaluated  separately  in  regard 
to  microbial  spoilage,  natural  respiration,  and  other  compositional  changes 
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deleterious  to  processing. 

The  fungicide  was  used  in  these  experiments  under  controlled  labo- 
ratory conditions  in  an  effort  to  differentiate  between  microbiological 
sugar  losses  and  losses  of  sugar  due  to  respiration.  Commercial  appli- 
cation of  fungicides  to  control  sugar  losses  was  not  considered. 

Beet  quality  was  determined  by  use  of  a  standard  extraction  proce- 
dure at  selected  time  intervals  and  the  results  were  expressed  as  the 
ratio  of  sucrose  to  total  soluble  solids,  usually  referred  to  as  purity. 
There  was  a  progressive  decrease  in  purity  of  storedbeets  at  55  °  F.  The 
purity  drop  followed  an  increase  in  invert  sugar,  which  is  deleterious 
to  processing.    Beets  stored  at  55  °F.  for  90  days  were  comparable  in 
quality  to  those  stored  at  34 °F.  for  180  days.    No  progressive  changes 
in  beet  constituents  such  as  total  acids  or  nitrogen  compounds  were  ap- 
parent.    However,  60  days'  storage  of  beets  at  34°  F.  led  to  a  fourfold 
increase  in  raffinose,  while  no  accumulation  of  raffinose  occurred  in 
beets  stored  at  ambient  temperature  of  about  65  °F.    Raffinose  appears 
to  be  formed  at  the  expense  of  sucrose  and  is  responsible  for  a  marked 
decrease  in  rate  of  sucrose  crystallization. 

The  above-mentioned  researches  were  initiated  to  determine  how 
the  sugar  losses  occur  and  to  provide  information  basic  to  control  of 
these  losses. 

Fundamental  Composition  Studies 

Following  considerable  effort  in  adapting  existing  analytical  proce- 
dures for  critical  use  and  development  of  new  ones  for  special  require- 
ments (2,  8,  13, 14,  16,  24,  28,  30,  32,  38,  44,  51,  52),  abroad  survey  was 
undertaken  and  is  continuing  on  the  chemical  composition  of  sugar  beets 
and  sugar  beet  processing  liquors  (25,  26,  29,  33,  34,  37,  39,  40,  43,  45,  51,  54). 

From  this  series  of  studies  it  was  shown  that  healthy  sugar  beet 
tissue  contained  only  traces  of  lactic  acid,  whereas  commercial  diffu- 
sion juices  contained  from  0.06  to  0.4  percent  (41).    If  only  0.1  percent 
of  sucrose  is  converted  to  lactic  acid  in  the  factory,  the  dollar  loss  to  the 
industry  amounts  to  $200,  000  to  $400,  000  per  year.    Both  the  grower  and 
processor  share  this  loss. 

Mathematical  calculations  on  the  distribution  of  a  chemical  addi- 
tive such  as  bactericide  in  a  continuous  sugar  beet  diffuser  were  made. 
Several  interesting  facts  were  revealed.    For  example,  provided  cer- 
tain assumptions  are  true,  the  amount  of  additive  in  a  cell  may  be  many 
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times  greater  or  only  a  small  portion  of  the  amount  added  after  each 
transfer,  depending  on  the  partition  coefficient  and  the  position  of  the 
add  cell  (46).  The  results  of  these  mathematical  calculations  explained 
the  phenomenon  that  lactic  acid  produced  in  diffusion  batteries  at  the 
expense  of  sucrose  often  was  found  in  highest  concentration  in  the  mid- 
dle of  the  battery. 

The  chemical  components  which  make  up  the  great  bulk  of  sugar 
beets  and  sugar  beet  processing  liquors  have  been  pretty  well  elucidated. 
However,  there  are  some  constituents  which  are  present  in  only  small 
amounts,  but  which  appear  to  have  important  bearings  on  various  proc- 
essing operations.    As  an  example,  there  are  materials  in  sugar  beet 
molasses  which  interfere  with  the  crystallization  of  sugar.    A  study  was 
made  of  the  composition  of  molasses  obtained  from  13  beet  sugar  facto- 
ries representing  the  major  beet  sugar  producing  areas  of  the  country 
(33,  36).    About  60  percent  of  the  materials  in  molasses  other  than  sugar 
are  nitrogenous  compounds,  14  to  20  percent  are  potassium  compounds, 
and  8  to  10  percent  are  acids  other  than  pyrrolidone  carboxylic  acid 
(produced  from  glutamine  as  a  result  of  processing  sugar  juice).  This 
last  compound  makes  up  a  large  portion  of  the  nitrogenous  materials. 
Other  nitrogen  compounds  in  the  molasses  are  betaine,  amino  acids,  and 
complex  types  of  compounds  known  as  purines  and  pyrimidines.  These 
last  two  groups  of  compounds  have  not  yet  been  broken  down  into  all  their 
constituent  fractions  and  study  of  them  is  continuing. 

The  nitrogenous  compounds  are  of  spe  cial  concern  to  the  sugar  beet 
processor  because  of  the  belief  that  their  presence  adds  to  the  difficulty 
of  crystallizing  sugar  from  the  final  purified  juices.    The  amount  of  sug- 
ar l.o  at  in  the  molasses  appears  to  be  increasing  from  year  to  year  and 
this  loss  is  thought  to  be  related  to  the  increased  use  of  nitrogenous  fer- 
tilizers in  the  beet  fields.    There  is  little  actual  knowledge,  however,  as 
to  the  true  role  played  by  the  various  nitrogen  compounds. 

Quantitative  studies  of  other  constituents  of  molasses  have  been 
conducted  and  are  continuing  (34,  43,  45,  53,  54). 

Acids,  excluding  amino  acids,  found  in  beet  molasses  include  phos- 
phoric, sulfuric,  hydrochloric,  lactic,  glycollic,  citric,  malic,  acetic, 
and  formic  acids  (13,  24,  37,  38,  39).  Some  that  are  believed  to  be  present 
but  have  not  been  determined  quantitatively  include  glyceric,  fumaric, 
succinic,  nitric,  and  others. 

As  many  as  18  amino  acids  have  been  quantitatively  determined  by 
means  of  paper  chromatography  in  a  number  of  beet  juices  and  molasses 
samples  (14). 
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These  fundamental  composition  studies  are  continuing  with  the  ob- 
jective of  completing  the  inventory  of  molasses  constituents  and  corre- 
lating the  composition  with  processing  characteristics.  About  25  percent 
of  the  nitrogen  and  20  percent  of  nonsugar  solids  of  molasses  consist  of 
unidentified  chemical  compounds.  These  must  be  identified  before  effec- 
tive means  can  be  devised  for  their  removal  (36)  and  thus  increase  proc- 
essing efficiency. 

Sugar  Crystallization 

Studies  of  the  effect  of  various  melassigenic  compounds  on  sugar 
crystallization  are  now  under  way.  The  dilatometer,  an  apparatus  modi- 
fied for  studies  of  crystallization  of  sucrose,  measures  the  shrinkage  in 
total  volume  of  the  mother  liquor  and  sucrose  as  the  sucrose  crystallizes 
from  solution.     The  chief  advantage  of  the  dilatometric  method  is  that  it 
provides  an  opportunity  to  obtain  a  large  number  of  continuous  time- 
concentration  observations  that  might  be  used  to  calculate  a  rate  constant 
for  velocity  of  crystallization. 

Surface  and  supersaturation  appear  to  be  the  rate  -  controlling  fac- 
tors for  pure  sucrose  crystallization  at  30°  C.  No  mathematical  expres- 
sion which  adequately  describes  the  concentration  changes  with  time  has 
been  developed.     Typical  results  obtained  by  this  technique  on  pure 
sucrose -water  systems  cannot  be  expressed  in  a  simple  kinetic  equation 
over  the  entire  time  range  but  only  over  a  portion  of  the  reaction  time(55). 
These  studies  are  continuing  and  may  eventually  provide  a  means  for 
quantitative  measurement  of  the  effect  of  an  impurity  on  the  rate  of  sucrose 
crystallization. 

Studies  on  the  crystallization  of  sucrose  with  sonic  waves  were  con- 
ducted at  the  College  of  the  Holy  Cross,  Worcester,    Mass.  under  contract. 
The  treatment  of  supersaturated  sucrose  solutions  with  sound  waves  had 
no  special  effect  on  the  rate  of  growth  of  single  crystals  but  there  was  a 
slight  increase  of  overall  crystallization  due  to  enhanced  nucleation  and 
false  grain  formation.       The  effects  of  sonic  nucleation  occurred  with  a 
minimum  power  level  of  2  sonic  watts  per  square  centimeter  and  optimum 
frequency  of  10  kc.    It  appears  unlikely  that  sonic  graining  offers  advan- 
tages over  current  practices  (50). 
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Lmprove merit  in  Sugar  Quality- 
Some  lots  of  beet  sugar  have  been  considered  undesirable  for  use 
in  bottlers'  sirups  because  they  seem  to  be  the  source  of  an  unsightly 
flocculent  material  which  gives  a  cloudy  appearance  to  the  bottled  soft 
drinks.    Since  bottlers  are  among  the  largest  users  of  sugar,  the  eco- 
nomic importance  of  the  problem  is  apparent.    Work  on  this  problem 
has  revealed  that  two  saponin  compounds  are  sometimes  found  in  beet 
sugar  (54).    These  saponins  combine  with  other  equally  nonharmful  con- 
taminants in  the  purified  sugar  (such  as  slight  traces  of  materials  used 
to  break  the  foam  in  the  diffusion  batteries)  and,  in  the  combined  form, 
give  rise  to  the  floe.    Methods  of  analysis  for  these  saponins  were  devel- 
oped and  sent  to  sugar  beet  processors  (51).    Some  processors  using 
these  analytical  procedures  for  control  purposes  have  developed  opera- 
tional methods  for  partial  removal  of  saponins  from  beet  sugar.  Con- 
sequently, their  floe  problem  has  been  partially  alleviated. 

Pulp  Polysaccharides 

The  water-insoluble  portion  of  sugar  beets  (marc  or  pulp)  has  also 
been  under  investigation  (26).    It  consists  principally  of  cellulose,  pectin, 
hemicelluloses,  araban,  and  protein.  There  are  also  complex  carbohy- 
drates containing  the  sugars  xylose,  galactose,  and  rhamnose  in  beet 
pulp  (18),  but  their  mode  of  occurrence  has  not  been  elucidated.  Some 
of  the  marc  constituents  occur  as  colloidal  compounds  or  become  col- 
loidal under  certain  processing  conditions.    The  presence  of  colloidal 
impurities  in  diffusion  juice  interferes  with  subsequent  processing  opera- 
tions, and  removal  of  the  colloids  from  the  marc  changes  its  physical 
characteristics.    These  findings  have  opened  up  an  interesting  new  field. 

In  the  beet  sugar  manufacturing  process,  wet  exhausted  pulp  from 
the  diffusers  usually  is  passed  through  a  screw  press  to  reduce  the  water 
content  to  about  80  percent.    Wet-pressed  pulp  is  either  sold  to  the  farmer 
for  feed,  made  into  silage,  or  dried  in  rotary  kilns. 

Less  than  390,  000  tons  of  dried  pulp  is  produced  in  the  United 
States,  but  there  is  a  potential  of  650,  000  tons.    Since  it  contains  approxi- 
mately 25  percent  pectin,   20  percent  araban,  and  6  percent  galactan,  the 
potential  of  polysaccharide  byproducts  is  very  encouraging  (15,  18). 

Araban  has  been  extracted  in  high  yields  from  beet  pulp  by  a  new 
procedure  with  hot  lime  water  as  the  extractant  (11,  12,  23).  Compara- 
tive studies  of  the  physical  and  chemical  properties  of  some  purified 
sugar  beet  arabans  revealed  that  their  molecular  weight  averages  were 
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up  to  37,  000  (49).  Araban  was  found  to  be  unique  among  polysaccharides 
in  its  tendency  to  aggregate  in  water,  fluoresce,  and  show  anamolous 
behavior  in  the  presence  of  dimethylformamide. 

Continuing  studies  of  araban  may  furnish  information  bearing  on 
floe  and  turbidity  problems  and  on  the  behavior  of  certain  high  polymers 
in  solution. 

Dried  Sugar  Beets  as  Carbohydrate  in  Broiler  Diets 

Experiments  were  conducted  on  the  use  of  dried  ground  sugar-beet 
slices  in  broiler  feed  (4$.    In  some  feeding  experiments  with  chicks, 
when  40  percent  of  the  weight  of  their  diet  was  dried  beets,  growth  re- 
tardation was  observed.  At  20  percent  no  significant  reduction  occurred 
as  compared  with  the  control.    Some  lots  of  commercially  dried  beets 
could  be  fed  in  quantities  up  to  36  per  cent  of  the  total  diet  of  chicks,  with 
their  rate  of  growth  equivalent  to  that  obtained  with  corn.  Commercially 
dried  beets  appeared  to  be  better  for  chick  feeding  than  those  processed 
in  the  laboratory. 

Utilization  of  Sugar  Beet  Tops 

The  first  research  contract  on  sugar  beets  was  negotiated  with  the 
Colorado  State  University  and  Agricultural  Experiment  Station  for  a 
study  of  the  dehydration  of  sugar  beet  tops  as  an  economic  means  for  pre- 
serving their  nutrient  values  (1).    Four  ways  of  handling  the  tops  were 
investigated:    (1)  reduction  of  moisture  by  pressing  prior  to  dehydration, 
(2)  reduction  of  moisture  by  ensiling  prior  to  dehydration,  (3)  dehydra- 
tion of  a  mixture  of  chopped  leaves  and  pressed  pulp,  and  (4)  direct  de- 
hydration in  a  commercial  drier.    The  last  procedure  appeared  to  be  the 
most  promising.    The  economics  were  reported  to  be  favorable,  and 
feeding  tests  showed  the  dehydrated  tops  had  excellent  nutritive  value, 
but  at  present  farmers  have  not  adopted  dehydration  of  tops. 

Sugar  as  a  Chemical  Raw  Material 

Refined  sucrose  from  cane  and  beets  is  a  very  pure  chemical  com- 
pound, 99.9  percent  pure,  available  in  quantity  at  low  cost.      It  is  one 
of  the  "big  three"  carbohydrates  that  are  renewable  sources  of  chemi- 
cals, as  compared  with  the  supplies  of  petroleum  and  coal.  Because 
of  its  purity,  availability,   stability,  and  reactivity,  sucrose  offers  an 
attractive  material  for  industrial  chemical  utilization. 
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Preliminary  experiments  conducted  in  the  field  of  "sucrochemis- 
try"  have  revealed  that  methods  for  determining  the  reactivities  of  the 
various  hydroxyl  groups  and  for  separating  reaction  products  from  com- 
plex mixtures  are  needed.    Studies  in  progress  are  concerned  with  the 
formation  of  products  wherein  sucrose  retains  its  molecular  structure, 
with  separation  of  the  products,  and  with  correlation  of  the  results  with 
available  knowledge  of  the  reactivity  of  primary  and  secondary  hydroxyl 
groups  of  the  sucrose  molecule. 
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